Abstract: A fully-integrated dual-band CMOS LC voltage-controlled oscillator (VCO) is presented. A fourth-order passive LC resonator configurable by a MOS switch is designed and adopted. Fabricated in a 0.18 µm standard CMOS, the dual-band VCO is capable of operating in 2.53∼2.92 GHz (low-band) and 4.76∼5.33 GHz (high-band). The measured output phase noises of the VCO operating at 2.77 GHz and 5.01 GHz at 1 MHz offset are −121.51 dBc/Hz and −115.05 dBc/Hz, respectively. The VCO dissipates 1.85 mW at both the low-and high-band from a supply of 1.2 V.
Introduction
Many high-performance signal processings call for the employment of LC voltagecontrolled oscillators (VCOs) [1, 2, 3, 4, 5, 6, 7, 8, 9] . Dual-band VCOs [1, 3, 6, 7] find usages in many multi-standard multi-band wireless/wireline communication/ sensor systems. A theoretical study of the design constraints of fourth-order dualband LC VCOs is recently conducted [10] . Implementation of fully-integrated dualband LC VCOs, on the other hand, faces various challenges: e.g. low output phase noises, small power consumption, small chip area, and wide-enough tuning ranges in both frequency bands, due to the non-ideal passive/active devices available and numerous trade-off at radio frequency.
A fully-integrated low-power small-area dual-band LC VCO is described. A fourth-order passive LC resonator configurable by a MOS switch is presented. When the switch is on, the resonator degenerates into 2nd-order and the LC VCO oscillates in its high-band (HB) mode. As the switch is turned off in the low-band (LB) mode, the LC VCO is configured to output a pair of twin oscillation frequency. This paper is organized as follows. The dual-band CMOS LC VCO is detailed in Section II. Section III provides the measured and simulated VCO results, which is followed by a brief conclusion.
Circuit description
The schematic diagram of the LC VCO is given in Fig. 1 . In addition to the passive LC tank, complementary cross-coupled pairs are employed to compensate the tank loss and meet the start-up conditions without resorting to large bias currents. A couple of differentially-switched tail current sources are adopted to alleviate the impact of their flicker noise upon the output phase noise [11, 12, 13] . Fig. 2(a) shows the 4 th -order resonator adopted. The overall
a symmetric inductor with mutual coupling between the outer L 1 and the inner L 2 in close proximity as depicted in Fig. 2(b) . When the switch is on, the resonator reduces to 2 nd -order and the HB oscillation frequency of the LC VCO is given by 
C V2 acts to mitigate the impact of the parasitic switch resistance. As the MOS transistor is switched off, the LC tank is a 4 th -order resonator with high resonator impedance occurring at
and
where
M represents the mutual coupling between each L 1 and the L 2 in immediate vicinity as illustrated in Fig. 2(a) and (b). In this LB mode, the 4 th -order resonator is designed to oscillate at a pair of twin oscillation frequency
Both C V1 and C V2 are implemented by accumulation-mode MOS varactors. C V2 is small/large when V aux is VDD/GND. Depending on whether V aux is asserted or not, the LC tank resonates in an up-or a down-region of the LB. The equivalent inductance in the LB mode is larger than that of the HB mode. By virtue of the switched inductor and the transformer layout, the start-up conditions for both the LB-mode and HB-mode oscillations are met using a small bias current. Small chip area is achieved thanks to the symmetric layout. As the switch is turned off in the LB mode, the inductor is deployed as a transformer to improve its quality factor.
Verifications
The dual-band LC VCO is designed and fabricated in a 0.18 µm standard CMOS with 1.2 V supply voltage. The Electromagnetic simulation results of the LC tank are given in Fig. 3, Fig. 4 , and LB are larger than those of the HB. The impact of MOS-switch parasitic on the quality factor is shown in Fig. 4 . The tank impedances as a function of frequency are presented in Fig. 5 . Microphotograph of the CMOS LC VCO is shown in Fig. 6(a) . On-wafer probing was performed to characterize the VCO using Agilent signal source analyzer E5052B. The measured output phase noise at 1 MHz offset from the carrier are given in Fig. 6(b) when the oscillation frequencies are 2.77 GHz (LB) and 5.01 GHz (HB), respectively. Measured output spectra are given in Fig. 6(c) and (d) . Fig. 7 displays the measured phase noises of the LB- and HB-mode of the LC oscillator as a function of the control voltage. The measured I/O characteristics of the dual-band VCO are presented in Fig. 8 . The up-and down-regions of the LB are joined around 2.7 GHz. Attributing to the symmetric switched-inductor and the complementary cross-coupled pairs, the dualband LC VCO consumes a small power and occupies a small chip area. Table I summaries the measured VCO results and comparison with some recently pub- lished switched-inductor dual-band LC VCOs. Our dual-band VCO achieves better and comparable FoMs in both the LB-and HB-mode.
Conclusion
A fully-integrated LC VCO is designed and experimentally validated. Adopting the dual-band VCO helps to implement multi-system multi-band transceivers with smaller hardware and lower cost.
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